Regular physical activity (PA) can enhance the physical and mental health of people with Multiple Sclerosis (MS) because of its impact on muscular strength, mobility, balance, walking, fatigue, pain and health-related quality of life (HRQoL). Previous studies have hypothesized that the relationship between PA and HRQoL is mediated by self-efficacy. The aim of this research is to evaluate whether self-efficacy in goal setting and self-efficacy in the management of symptoms, mediate the relationship between PA and HRQoL, in a similar way to exercise self-efficacy. A sample of 28 participants with MS (18 females) and different levels of physical activity have been recruited and completed the following measures: (a) physical activity (GLTEQ); (b) health-related quality of life (SF-12); (c) self-efficacy in the management of Multiple Sclerosis (SEMS) and, (d) exercise self-efficacy (EXSE). The statistical analysis highlighted that self-efficacy in goal setting mediated the relationship between PA and mental health better than exercise self-efficacy. Our findings suggest that self-efficacy in goal setting can contribute to the adoption and maintenance of regular physical activity for long-lasting times, supporting and increasing the mental quality of life of people suffering from MS.
Introduction
Multiple Sclerosis (MS) is a chronic, immune-mediated disease of the central nervous system (CNS), with neurodegenerative processes characterised by the loss of the myelin sheath in multiple areas of CNS and consequent formation of scar tissue or sclerosis.
Different symptoms and dysfunction are associated with MS, such as fatigue, muscle weakness, balance and motor disorders, pain, cognitive impairment, mood disturbances, and depression [1] [2] [3] .
Participation in Physical Activity (PA), particularly exercise training, represents the single most effective non-pharmacological approach for managing symptoms and improving the health-related quality of life (HRQoL) of people with MS [4] [5] [6] . However, people with MS do less PA compared to non-diseased people [7] [8] [9] , but in similar way as other people suffering from a chronic disease [7] . Thus, according to different studies, people with MS are not getting the minimal amount of daily activity that even sedentary adults without neurologic injury or disease are able to achieve [10] [11] [12] [13] .
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Measures
A leaflet composed of a cover page with demographic information (gender, age, marital status, education and employment), the Godin Leisure-Time Exercise Questionnaire (GLTEQ), the Self-Efficacy for Multiple Sclerosis Scale (SEMS), the Exercise Self-Efficacy (EXSE) and the SF-12 Health Survey were administered to all participants.
The Godin Leisure-Time Exercise Questionnaire (GLTEQ) [40] consists of two questions assessing physical activity. The first question asks the participant to write the number of times that he or she has completed at least 15 min of physical activity during the last 7 days. It has three open-ended items that measure the frequency of strenuous (e.g., jogging), moderate (e.g., fast walking), and mild (e.g., easy walking) exercise. Thus, the weekly frequencies of strenuous, moderate, and mild activities are multiplied by 9, 5, and 3 metabolic equivalents, respectively, and summed to form a measure of total leisure activity. The second question asks the participants how many times during the week he or she engages in activities that make them sweat and has three possible answers "always" "sometimes" and "never". In accordance with different studies (e.g., [23, 41] ) we chose not to consider this answer in the data analysis because of autonomic nervous system disturbances that result in sweating problems in people with MS. The GLTEQ is a simple, reliable, and valid measure of physical activity that has been widely used with young people in epidemiologic, clinical, and behavioral change studies [23, 25, [42] [43] [44] [45] , concerning person with MS. Since only the first question of the GLTEQ was used, the Cronbach's alpha was not calculated.
The Self-Efficacy for Multiple Sclerosis Scale (SEMS) [31] assesses self-efficacy related to the management of MS. It comprises 15 items starting from the root statement "I am confident that I can . . . " and is rated on a 5-point Likert scale from 0 (Not at all confident) to 4 (Very confident). The items provide two sub-scores "Goal setting" (item 2, 3, 4, 5, 6, 7, 8, 13, 14) and "Symptom management" (item 1, 9, 10, 11, 12, 15) . According to the authors [37] , the scale is characterized by good item functioning, measurement invariance, and good concurrent validity (positive correlations with positive affect, sense of coherence and coping strategies and negative correlations with depression and negative affect). In the current research, the subscales of symptom management and goal setting obtained a good internal consistency (Cronbach's alpha = 0.83 and 0.86, respectively).
The Exercise Self-Efficacy [46] comprises six items commonly used to assess self-efficacy for physical activity. The participant had to report their level of confidence, ranging from 0% (not at all confident) to 100% (completely confident), about the sentence "I am capable of continuing to make a moderate intensity physical activity three times a week for more than 20 minutes, without interruption, for the next week". The number of weeks increases by one in every sentence and the last sentence asks the participant how confident he/she is about doing a moderate intensity physical activity three times a week for more than 20 min without interruption, for the next six weeks. In the current research, the scale obtained an excellent internal consistency (Cronbach's alpha = 0.99).
The SF-12 Health Survey [47] is the short version of the SF-36 already used to assess the quality of life in people with MS [37] . It is a self-report questionnaire composed of 12 items that assess two components: physical health (physical component summary = PCS) and mental health (mental component summary = MCS). Depending on the question, there are different possible answers, for example the first one asks "In general, would you say that your health is . . . " and the answers range from 1 (Excellent) to 5 (Poor); the second asks "Does your health now limits you in doing moderate activities?" and the possible answers are "Yes, limited a lot", "Yes, limited partially" and "No, not limited at all"; the fourth asks "Have you accomplished less than you wanted at work and in other activities because of your health status, in the last 4 weeks?" The answers are "Yes" or "No"; other items have a range of responses ranging from 1 (Always) to 6 (Never). The scores were calculated using specific automated algorithms [48] . In the current research, the internal consistency of the scale was found to be good for the global scale (Cronbach's alpha = 0.83), and for the subscales of physical health (PCS) (Cronbach's alphas = 0.80) and mental health (MCS) (Cronbach's alphas = 0.79).
Statistical Analysis
D'Agostino-Pearson tests of normality were performed on all test scores. Spearman rho rank-order correlation were used to examine the associations between variables. Based on the results of correlation analysis, mediation analysis was executed to examine the hypothesized mediation models. Significance was set at p < 0.05. Descriptive statistics and Spearman's rho correlations were calculated using IBM SPSS Statistics version 23.0 (IBM Corp, Armonk, NY). Mediation analysis was carried out by means of the suite Advanced Mediation Models (jAMM), based on R lavaan package [49] and included in Jamovi version 1.0.5 [50].
Results
Means and standard deviations of the raw item scores of the study variables are shown in Table 1 . The GLTEQ scores confirm the low mean level of physical activity of people suffering from MS, coupled with a high heterogeneity of PA behaviors and exercise self-efficacy, testified by standard deviations of both variables. Spearman's rho intercorrelations among the studied variables are presented in Table 2 . Physical activity, as measured by means of the GLTEQ, was significantly and positively related with exercise self-efficacy (rho = 0.519), but not significantly associated with self-efficacy in symptom management and quality of life; self-efficacy in symptom management was significantly and positively associated with self-efficacy in goal setting (rho = 0.764), exercise self-efficacy (rho = 0.435) and mental component of quality of life (rho = 0.472); self-efficacy in goal setting was positively related with mental component of quality of life (rho = 0.533), as well as with self-efficacy in symptom management. The correlation analyses revealed that physical component of quality of life (SF-12 PCS) was not significantly associated with physical activity, exercise self-efficacy and self-efficacy for Multiple Sclerosis. Therefore, this variable was not included in the subsequent mediation effect analyses.
Using a generalized linear model, we examined whether self-efficacy in symptom management, self-efficacy in goal setting and exercise self-efficacy all serve as individual mediators in the relationship between PA and mental component of quality of life (Figure 1 ).
The correlation analyses revealed that physical component of quality of life (SF-12 PCS) was not significantly associated with physical activity, exercise self-efficacy and self-efficacy for Multiple Sclerosis. Therefore, this variable was not included in the subsequent mediation effect analyses.
Using a generalized linear model, we examined whether self-efficacy in symptom management, self-efficacy in goal setting and exercise self-efficacy all serve as individual mediators in the relationship between PA and mental component of quality of life (Figure 1 ). The results indicated that PA did not directly predict mental component of quality of life (β = −0.07), but it did indirectly, through the mediation of self-efficacy in goal setting. Exercise selfefficacy, self-efficacy in goal setting and self-efficacy in symptom management are all appreciably affected by PA (respectively β = 0.46; β = 0.37; β = 0.32), but only self-efficacy in goal setting, which significantly affects the mental component of quality of life (β = 0.61; p < 0.001), seems to act as a mediator of the relationship among PA and the mental health of people suffering from MS (β = 0.23; p = 0.06).
Discussion
The aim of the current study was to examine, in people with MS, the relationships between PA and HRQoL, as mediated by different forms of self-efficacy, namely self-efficacy in goal setting, selfefficacy in symptom management, and exercise self-efficacy.
The results of the correlation analyses confirm that different forms of self-efficacy can play a different role on mental and physical components of quality of life. As already reported in previous studies, which considered self-efficacy for control and self-efficacy for functioning [26] , self-efficacy for control was positively related with physical and psychological quality of life, while self-efficacy for functioning was significantly correlated with physical quality of life but not with psychological health-related quality of life.
In our study, both self-efficacy in goal setting and self-efficacy in symptom management were positively related with psychological quality of life, while exercise self-efficacy was more related with The results indicated that PA did not directly predict mental component of quality of life (β = −0.07), but it did indirectly, through the mediation of self-efficacy in goal setting. Exercise self-efficacy, self-efficacy in goal setting and self-efficacy in symptom management are all appreciably affected by PA (respectively β = 0.46; β = 0.37; β = 0.32), but only self-efficacy in goal setting, which significantly affects the mental component of quality of life (β = 0.61; p < 0.001), seems to act as a mediator of the relationship among PA and the mental health of people suffering from MS (β = 0.23; p = 0.06).
The aim of the current study was to examine, in people with MS, the relationships between PA and HRQoL, as mediated by different forms of self-efficacy, namely self-efficacy in goal setting, self-efficacy in symptom management, and exercise self-efficacy.
In our study, both self-efficacy in goal setting and self-efficacy in symptom management were positively related with psychological quality of life, while exercise self-efficacy was more related with physical quality of life. Moreover, in accordance with other studies (e.g., [25] ), exercise self-efficacy was also associated moderately with PA. As for self-efficacy in MS, namely self-efficacy in goal setting and self-efficacy in symptom management, it showed a more positive relationship with the mental component of quality of life, than with the physical one. Previous studies [31, 37] indicated that both forms of self-efficacy in MS correlate with adjustment, but the goal setting dimension has the highest inverse correlation with depression, and a remarkable relationship with sense of coherence, and, above all, with well-being.
People suffering from MS have to overcome more barriers to be physically active: self-efficacy and goal setting can aid them to be more purposeful in planning their activities and in engaging in regular lifestyle PA.
In fact, when considering the indirect relationship between PA and quality of life, as mediated by self-efficacy [27] , only mental health appeared affected by self-efficacy and specifically by self-efficacy in goal setting. This result suggests the relevance for MS patients of planning meaningful and realistic goals for their everyday life. This finding is partially consistent with previous literature that states that self-efficacy in goal setting could account for a significant amount of variance in mental health scores of people suffering from MS [37] . Moreover, self-efficacy in goal setting was already correlated with adaptive strategies of problem-solving [31] and the ability to overcome the daily barriers to lifestyle PA was shown to support people with chronic diseases which need a regular and long-lasting commitment [15] . A low adherence rate lifestyle PA is often more related to self-efficacy to cope with the disease than to limitations due to functional incapacity, pain, or other symptoms from which the person suffers [51] [52] [53] [54] [55] .
The study has some limitations. First of all, it involved a small convenience sample of people suffering from MS, which has limited the possibility of finding stronger and more significant relationships. Secondly, the study was essentially explorative, because little is known about the relationships between PA and quality of life, mediated by specific forms of MS self-efficacy other than exercise self-efficacy. Therefore, the study must be replicated, involving a larger sample, to evaluate if the results observed in this preliminary study are confirmed. Thirdly, the cross-sectional design suggests more caution in the causal interpretation of direct and indirect effects: PA, exercise self-efficacy and self-efficacy in MS are likely to affect physical and mental health-related quality of life; however, it cannot be excluded that the direction of this relationship can be reversed. A longitudinal research design, coupled with more specific statistical procedures, would allow a deeper analysis of the reciprocal relationships among these variables. Fourthly, concerning measurements, it is to notice that many of the participants had difficulties in assessing the level of their leisure PA using the GLTEQ and needed more instructions: for example, some activities used as examples (e.g., ski, snowmobile, hockey), were unusual for our sample, who had difficulty comparing these activities with what they usually do. Although the Godin Leisure-Time Exercise Questionnaire has a long tradition of use in studies on PA conducted with people suffering from MS, we suggest introducing more objective measures of PA, that should be coupled with GLTQ, as recommended for a more structured exercise training intervention [42] .
Future studies should take advantage of objective assessment of amount and intensity of PA, which can be carried out on the basis of data collected by wearable devices (e.g., triaxial accelerometers). Such an approach, which is suitable for long-term measurement, has been already successfully tested in individuals with MS for this decade [56] .
Conclusions
The people suffering from MS can benefit from regular PA. However, their rate of PA is lower compared to people suffering from other non-communicable diseases. In addition to the exercise self-efficacy, already investigated in the literature, it seems appropriate to take into account more specific forms of MS self-efficacy. Our results indicate that the self-efficacy in goal setting can mediate the relationship between PA and the mental component of HRQoL, but further studies, conducted on a large scale, are need.
